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(§7) Articulation arrangement at one end (or each 
end) of a tubular reaction rod which at the 
respective end is provided with a fixed head in 
the form of an end lug which has an aperture 
running through it in which the articulation 
anrangement is fastened. The Articulation ar- 
rangement incorporates a sleeve (44) which is 
fixed in the aperture and which accommodates 
an annular rubber bushing (46) which supports 
a journal (48) which runs through the bushing 
and is for anchoring the end of the rod. The 
sleeve (44) is a straight cylindrical metal sleeve 
with substantially constant wall thickness. The 
rubber bushing (46) is firmly vulcanised be- 
tween the inside (52) of the sleeve (44) and the 
running-through fastening portion (54) of the 
journal (48). In its initial state before the sleeve 
(44) is subjected to diameter reduction, the 
uncompressed rubber bushing (46) exhibits 
free end surfaces which are not curved as seen 
in axial longitudinal section, and after the 
sleeve has been subjected to diameter reduc- 
tion the then radially compressed rubber bush- 
ing (46) exhibits free end surfaces with convexly 
curved annular surface cross-section. 
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The present invention relates to an articulation 
arrangement of the kind indicated in the preamble to 
patent claim 1. 

State of the art 5 

SE B460 361 describes an arrangement for sus- 
pension of a reaction rod which forms part of a vehicle 
wheel suspension. The reaction rod consists of an 
elongated tube which at its ends is provided with firm- 10 
ly attached heads in the form of end lugs each of 
which has a hole running through it. In each of these 
holes is arranged a rubber element which surrounds 
and accommodates a journal for suspension of the re- 
action rod. To prevent mutual sliding between the 15 
journal, the rubber element and the end lug, the hole 
running through each end lug is provided with end 
portions directed conically inwards which cooperate 
with corresponding conical portions of the rubber ele- 
ment. The conical end portions of the end lug and of 20 
the sleeve-like rubber element confine and fix in the 
surrounding end lug both the rubber element and the 
journal, this latter being accommodated therein by 
means of a convexly dilated fastening portion. At the 
same time, the rubber element is arranged with pres- 25 
tress in the space between the wall of the end lug hole 
and the outside of the dilated fastening portion of the 
journal. Prestressing or compression of the rubber 
element is brought about by the hole's end portions 
directed conically inwards being pressed or forged in 30 
a radial direction in against the journal so as to ach- 
ieve correct compression of the rubber element. 

A disadvantage of this known design is that the 
end lugs are relatively expensive to manufacture be- 
cause of the conical end portions and the latter's de- 35 
creasing wall thickness which is required for facilitat- 
ing the aforesaid radial pressing in or forging. The 
pressing in or forging is also an operation involving 
further expense. 

US A 1 983 796 describes a vibration isolating ar- 40 
ticulated bolt unit intended for articulated connections 
between mutually movable parts or constructional 
elements of vehicles. 

This known articulated bolt unit incorporates a 
tubular articulation journal whose end portions are of 45 
smaller outside diameter than the journal portion be- 
tween the end portions so as to form annular shoul- 
ders at the transitions between the end portions and 
the larger outside diameter journal portion situated 
between them. In the articulation journal is inserted 50 
a tubular rubber bushing which is surrounded by an 
outer metal sleeve whose diameter is reduced by forg- 
ing so as to compress the rubber bushing inside. 
Thereafter the ends of the surrounding outer metal 
sleeve are bent radially inwards against the smaller 55 
outside diameter end portions of the articulation jour- 
nal so as to strongly compress the ends of the rubber 
bushing around the annular shoulders of the articula- 



tion journal. 

A considerable disadvantage of this known ar- 
ticulated bolt unit is that the ends of the outer metal 
sleeve have to be bent inwards radially towards the 
end portions of the articulation journal, which in- 
volves carrying out a separate pressing or forging 
process on each end of the articulated bolt unit 

The kind of articulation arrangement to which the 
present invention refers is situated at one or both 
ends of a rod which consists of an elongated tube or 
bar. The invention is principally intended for reaction 
rods which form part of a vehicle wheel suspension. 
Such a reaction rod is provided at at least one of its 
two ends with a head firmly attached thereto in the 
form of an end lug which has running through it an 
aperture in which the articulation arrangement is fas- 
tened. The articulation arrangement incorporates a 
sleeve which is fastened in the aperture and which ac- 
commodates an annular elastic bushing body which 
surrounds and elastically supports a journal which 
extends centrally through the bushing and which is in- 
tended for anchoring the respective rod end in a 
mounting in the vehicle. 

In vehicle technology, such reaction rods are 
used for damping the transmission of impact move- 
ments from a vehicle's wheels to its loadbearing 
parts and for limiting the tendency of a vehicle axle to 
swivel backwards or forwards about its central axis as 
a result respectively of braking forces or acceleration 
forces which occur during vehicle movement. This 
type of reaction rod is usually arranged so that it ex- 
tends in the longitudinal direction of a vehicle. Each 
end of the preferably tubular rod is provided with a 
firmly attached articulation head in the form of an end 
lug. 

When the vehicle is in movement on a road, road 
surface irregularities, acceleration and deceleration 
subject the reaction rods and hence the elastic bush- 
ings (e.g. rubber bushings) in the articulation ar- 
rangements at the rod ends to a variety of stress sit- 
uations which may involve torsional stresses, shear- 
ing forces and conical compression. 

To ensure that energy absorption in the articula- 
tion arrangements takes place in the rubber bushings 
and not in the boundary layer between the bushings 
and the journals or sleeves, it is important to prevent 
sliding between the rubber bushings and the 
sleeves/end lugs and also between the rubber bush- 
ings and the journals. If the rubber bushings can slide 
relative to the sleeves or journals, the rubber bush- 
ings are also subjected to wear damage resulting in 
gradual destruction of the bushings. 

Such relative movements may be prevented by 
the respective rubber bushing being fastened to the 
outside of the journal and to the inside of the sur- 
rounding sleeve by means of a powerful bonding 
agent However, such a design renders any replace- 
ment of a defective rubber bushing difficult and ex- 
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pensive. A powerful bonding agent may also be used 
to fasten the rubber bushings between the respective 
journal and a steel ring divided into segments which 
surrounds the bushing. In this case each segment of 
the steel ring has a locking collar directed radially out- 5 
wards which, at the time when the rubber bushing 
supporting the journal is pressed into the aperture 
running through the respective end lug, is brought into 
locking engagement in a corresponding groove in the 
end lug. However, this constructional design involves 10 
a number of parts and requires that the ring segments 
be provided with locking collars and that the end lugs 
be provided with an internal groove, thereby resulting 
in a relatively complicated design which is expensive 
to manufacture. 15 

Objects of the invention 

The invention thus has the object of providing an 
end articulation arrangement which is suitable for, for 20 
example, reaction rods and which avoids the disad- 
vantages of the known design solutions mentioned 
above. The invention also has the object of improving 
the durability of the rubber bushing in the articulation 
arrangement while at the same time the bushing fixes 25 
the position of the journal relative to the sleeve sur- 
rounding the bushing without requiring any radially in- 
ward bending of the edges of the sleeve. This means, 
in other words, that it will be possible to use a simple 
tubular sleeve to which it is easy to apply a certain di- 30 
ameter reduction which is required to enable the 
sleeve to be inserted in the aperture running through 
the end lug and to be anchored there by prestress and 
by the rubber bushing in a state of compression in a 
radial direction so as to effectively prevent mutual ax- 35 
ial movement between the end lug, the sleeve, the 
rubber bushing and the journal fastened therein. The 
rubber bushing will also be connected to the journal 
and the sleeve by being firmly vulcanised between 
these two parts. 40 

Summary of the invention 

I n a articulation arrangement of the kind indicated 
in the preamble to patent claim 1 , the objects stated 45 
above are achieved by the articulation arrangement 
exhibiting the features indicated in the characterising 
part of claim 1. 

Further developments of the articulation ar- 
rangement according to claim 1 may also exhibit the 50 
features indicated in the dependent claims. 

A distinguishing feature of the articulation ar- 
rangement according to the invention is thus that the 
sleeve is a straight cylindrical metal tubular sleeve 
whose walls are of substantially constant thickness. 55 
In this case the elastic bushing body is a rubber bush- 
ing which is firmly vulcanised between the cylindrical 
inside of the tubular sleeve and a radially dilated fas- 



tening portion of the journal. In its initial state, i.e. be- 
fore the sleeve is subsequently subjected to diameter 
reduction with consequent prestressing of the articu- 
lation arrangement and the bushing, the rubber bush- 
ing exhibits annular free end surfaces which are not 
curved in the longitudinal direction and are situated 
in the free space between the inside of the sleeve and 
the fastening portion of the journal. When the sleeve 
is subjected to diameter reduction and is pressed into 
the aperture in the end lug, the resulting compression 
of the rubber bushing means that the free end surfac- 
es are arched so that they exhibit a convexly curved 
circular surface cross-section. The thus convexly 
curved free end surfaces of the rubber bushing there- 
fore have a shape corresponding to part of the shell 
surface of a torus. The fact that the sleeve is a straight 
cylindrical metal tubular sleeve with preferably sub- 
stantially constant wall thickness makes it easy and 
therefore inexpensive to manufacture. The fact that 
the rubber bushing firmly vulcanised between the in- 
side of the tubular sleeve and the fastening portion of 
the journal will in its initial state have free end surfac- 
es which are planar as seen in an axial longitudinal 
section through the bushing renders it easier and less 
expensive to produce and vulcanise the rubber bush- 
ing between these two constructional elements. 

The constructional design and the firm vulcani- 
sation of the rubber bushing according to the inven- 
tion results in a bushing with increased durability and 
very good capacity for fixing the axial position of the 
journal in the surrounding sleeve and, furthermore, 
this is achieved without requiring any bending in- 
wards whatever of the edges of the sleeve. 

In the initial state it is advantageous that each of 
the free end surfaces of the rubber bushing form the 
shell surface of an imaginary truncated straight cir- 
cular cone. It is advantageous that the radially dilated 
fastening portion of the journal be rotationally sym- 
metrical with respect to the central axis of the journal 
and be entirely convex. In the initial state it is in this 
case advantageous that the free end surfaces of the 
rubber bushing be so directed inwards towards the 
surface of the convex portion of the journal that the 
free end surface and the journal portions surface are 
substantially at a right-angle as seen in axial longitu- 
dinal section through the journal and the rubber bush- 
i°9- 

The sleeve may preferably take the form of a 
cold-drawn seamless standard tube made of a mate- 
rial with a yield point of at least 380 MPa. Cold-worked 
steel would probably be a suitable material in this re- 
spect and the tubular sleeve should preferably have 
a wall thickness of approximately 1.5 mm. 

Brief description of the drawings 

The invention is described and explained further 
below with reference to the attached drawings which 
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depict an embodiment of the articulation arrangement 

according to the invention, as follows: 

Fig.1 shows the rear section of a truck chassis 
equipped with a four-wheel-driven balanced bo- 
gey provided with horizontally arranged reaction 5 
rods with end articulation arrangements accord- 
ing to the invention; 

Fig.2 shows an axial longitudinal section through 
an end portion of a reaction rod of the kind depict- 
ed in Fig. 1; 10 
Fig.3 shows the reaction rod according to Fig.2 as 
seen in side view in direction III in Fig.2; 
Fig. 4 shows the articulation arrangement accord- 
ing to Fig.2 on a larger scale whereby the upper 
half of the diagram shows the rubber bushing in 1 5 
its unprestressed initial state, while the lower half 
of the diagram shows the rubber bushing in a pre- 
stressed state when the surrounding tubular 
sleeve has undergone a diameter reduction to fa- 
cilitate pressing the articulation arrangement into 20 
the end lug of the reaction rod, corresponding to 
the situation shown in Fig.2. 



Description of an embodiment 



25 



Reaction rods provided with end articulation ar- 
rangements according to the present invention may 
be employed in many different kinds of vehicle wheel 
suspensions. A particularly interesting application in 
this respect is reaction rods incorporated in wheel 30 
suspension systems on so-called tandem- mounted 
vehicle axles for heavy duty trucks and buses. The 
description below therefore refers to a reaction rod 
used in such a context 

Fig.1 thus shows the rear section of a truck chas- 35 
sis 2 which is equipped with a four-wheel-driven bal- 
anced bogey 4. The chassis 2 incorporates a frame 6 
consisting of a pair of elongated parallel sidebeams 8, 
only one of which is depicted in the drawing. Each 
sidebeam 8 has attached to it by bolted connection 12 40 
a loadbearing axle mounting 10. In this mounting an 
undepicted axle is fastened permanently perpendic- 
ular to the sidebeam 8 and is arranged to rotatably 
support a bearing housing 14 which has a support 
surface 16 to which a multiple leaf spring 18 aligned 45 
with the frame 6 is fastened by U-bolts 20. The end 
portions 22 of the multiple leaf springs extend through 
recesses 24 in the spring mountings 26 which are 
firmly arranged on forward and rear vehicle axles 28 
and 30 respectively which are arranged transverse to so 
the frame 6 and which support vehicle wheels 32 by 
which the truck is driven. When the truck is in move- 
ment on a road, road surface irregularities, accelera- 
tion, deceleration etc. result in reaction forces in the 
axles 28 and 30. For the transmission of these forces 55 
from the axles 28, 30 to the frame 6, the axle 28 and 
the axle 30 respectively are connected, via a number 
of upper and lower reaction rods 34 (of which only two 



lower reaction rods 34 are depicted in Fig.1) to the 
loadbearing axle mounting 10 fastened to the frame. 
The role of the reaction rods in the bogey is therefore 
to fix the axles 28, 30 in the longitudinal direction of 
the vehicle and to absorb longitudinal forces. To en- 
able the axles to move relative to the frame 6, the ar- 
ticulation arrangements 36 at the ends of the reaction 
rods 34 must allow vertical movements and a certain 
tilting of the respective axle. 

Each reaction rod 34 take the form of a bar or a 
continuous tube 38 (see Figs. 2-3) which is provided 
at each end with a head firmly attached to it in the 
form of an end lug 40 through which runs an aperture 
42 in which the articulation arrangement 36 is fas- 
tened. 

As may be seen in Fig.2 and Fig.4, the articula- 
tion arrangement incorporates a sleeve 44 which is 
fastened by prestress in the aperture 42 and which 
has an annular elastic bushing body in the form of a 
rubber bushing 46 fastened (firmly vulcanised) inside 
it. The rubber bushing 46 surrounds and supports 
elastically a journal 48 running through the bushing in 
order to anchor the respective end of the reaction rod 
in a mounting. Where the reaction rod 34 consists of 
a metal tube 38, as depicted in Figs.2 and 3, it may 
be advantageous for its two likewise metal end lugs 
40 to be fastened in the ends of the tube by circum- 
ferential welds 50. 

The sleeve 44 of the articulation arrangement 36 
is a straight cylindrical metal tubular sleeve which 
preferably consists of a cold-drawn seamless stan- 
dard tube. This tube may for example consist of cold- 
worked steel with a. yield point of at least 380 MPa. 
The wall of the tubular sleeve, which over the whole 
axial longitudinal extent of the sleeve is therefore sit- 
uated at a constant radial distance from the central 
axis of the sleeve, exhibits a substantially constant 
thickness of material. The rubber bushing 46 firmly 
vulcanised between the cylindrical inside 52 of the 
tubular sleeve 44 and a radially dilated fastening por- 
tion 54 of the journal 48 is depicted in the upper half 
of Fig.4 in an initial state before the sleeve 44 is sub- 
jected to diameter reduction to create prestress ing of 
the articulation arrangement 36 and facilitate its fas- 
tening in the aperture 42 in the end lug 40. The upper 
half of Fig.4 thus shows the rubber bushing 46 in its 
state of being uncompressed in the radial direction. In 
this initial state before the sleeve 44 is subjected to 
diameter reduction, the rubber bushing displays (see 
upper half of Fig.4) annular free end surfaces which 
are rectilinear in the section depicted and which face 
obliquely outwards into the free spaces 56, 58 be- 
tween the inside 52 of the sleeve and the fastening 
portion 54 of the journal 48. 

Fig.2 and the lower half of Fig.4 show the rubber 
bushing 46 and its surrounding tubular sleeve 44 in 
the state which results from the sleeve being subject- 
ed to diameter reduction and being pressed into the 
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aperture 42 in the end lug 40. In this reduced-diame- 
ter state of the tubular sleeve 44, the rubber bushing 
46 is therefore subjected to prestress directed radially 
inwards which causes compression of the bushing 
material and gives the rubber bushing the shape de- 
picted in Fig.2 and the lower half of Fig.4. This results 
in the free end surfaces of the rubber bushing 46 hav- 
ing a convex curve in the free spaces 56 and 58. The 
doubly curved free end spaces of the rubber bushing 
thus each correspond to a lateral half of the inward- 
facing shell surface of a torus. In contrast, in the initial 
state depicted in the upper half of Fig.4 the free end 
surfaces of the rubber bushing 46 each form the shell 
surface of an imaginary truncated straight circular 
cone. 

As may be clearly seen in Figs. 2 and 4, the ra- 
dially dilated fastening portion 54 of the journal 48 is 
rotationally symmetrical with respect to the central 
axis of the journal and is entirely convex. In the initial 
state depicted in the upper half of Fig.4, the free end 
surfaces of the rubber bushing 46 are also directed in- 
wards towards the surface of the convex journal por- 
tion 54 so that the angle between the end surface and 
the journal portion surface is substantially a right- 
angle as seen in the axial longitudinal section through 
the journal and the rubber bushing as shown in the 
upper half of Fig.4. 

The fact that the sleeve 44 of the articulation ar- 
rangement 36 is a straight cylindrical tubular sleeve 
with substantially constant thickness of material 
means that the sleeve is easy and therefore inexpen- 
sive to manufacture. Moreover, in the initial state, i.e. 
before the radial compression or prestressing of the 
sleeve 44 and the consequent compression of the 
rubber bushing 46, the latter will have its outward- 
facing free end surfaces un curved as seen in axial 
longitudinal section through the bushing, thereby 
making it easy to produce the rubber bushing and car- 
ry out its firm vulcanisation between the sleeve 44 
and the fastening portion 54. Tests were carried out 
using a tubular sleeve consisting of a cold-drawn 
seamless standard tube of dimensions 80 x 1.5 mm. 
Between the sleeve 44 and journal 48 the rubber was 
galvanised to the shape depicted in the upper half of 
Fig.4. Using an undivided standard tube as sleeve 44 
(instead of a split sleeve as previously) affords the ad- 
vantage that the rubber in the rubber bushing need 
not be slit into a number of segments and that only 
one component need be fitted in the vulcanising tool 
as against, for example, three components when us- 
ing a three-part sleeve. 

The degree of prestress adopted in the test car- 
ried out with the aforesaid standard tubular sleeve of 
dimensions 80 x 1.5 mm corresponded to a total di- 
ameter reduction of the order of 2 mm brought about 
by successive radial compression of the sleeve by 
pressing it through one or more cones. Inserting into 
the end lug a tubular sleeve of cold-worked steel with 



a yield point of at least approximately 380 MPa re- 
quired a pressing- in force of the order of magnitude 
of 18 kN to a maximum of 117 kN depending on the 
desired grip between the aperture in the end lug and 

s the tubular sleeve. 

Finally, it may be mentioned that the joining to- 
gether of the reaction rod tube and its two heads (end 
lugs) may be carried out in at least three different 
ways, viz. welding (see Figs. 2-3), clamping or friction 

10 welding. However, a clamped connection requires 
twice as much material over a relatively long section 
at the joint between head and tube, which makes this 
kind of joint heavier than a weld. Clamping also in- 
volves a new type of tool. Friction welding is of inher- 

15 ently great reliability but as the investment cost of 
friction welding equipment is significant, traditional 
welding is still likely to be preferable for joining the re- 
actor rod pipe to its articulation heads. 

Using reaction rods according to the invention 

20 probably makes it possible to achieve a weight reduc- 
tion of the order of at least 60-70 kg for balanced bo- 
gies of the type depicted in Fig.1. 



25 Claims 

1 . Articulation arrangement (36) at one end of a rod 
(34), e.g. a reaction rod which forms part of a ve- 
hicle wheel suspension, consists of a continuous 

30 tube (38) or a bar and is provided at at least one 

of its two ends with a head firmly attached there- 
to in the form of an end lug (40) which has running 
through it an aperture (42) in which the articula- 
tion arrangement (36) is fastened, which articula- 

35 tion arrangement incorporates a sleeve (44) 

which is fastened in the aperture and which ac- 
commodates an annular elastic bushing body 
(46) which surrounds and elastically supports a 
journal (48) which runs through the bushing and 

40 is intended to anchor the end of the rod in a 

mounting, characterised in that the sleeve (44) 
is a straight cylindrical metal tubular sleeve 
whose wall, which is thus situated at a constant 
radial distance from the central axis of the sleeve 

45 over the whole axial longitudinal extent of the 

sleeve, exhibits substantially constant wall thick- 
ness, and that the elastic bushing body (46) con- 
sists of a rubber bushing (46) which is firmly vul- 
canised between the cylindrical inside (52) of the 

so tubular sleeve and a radially dilated fastening 

portion (54) of the journal (48) and which in its ini- 
tial state, before the sleeve (44) is subjected to di- 
ameter reduction with consequent prestressing 
of the articulation arrangement (36) and com- 

55 pression of the bushing, exhibits annular free end 

surfaces, which are not curved in longitudinal 
section, in the free spaces (56,58) between the 
inside (52) of the sleeve and the fastening portion 
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(54) of the journal, and which, after the sleeve 
has been subjected to diameter reduction and 
been pressed into the aperture (42) in the end lug 
(40), exhibits free end surfaces with convexly 



2. Articulation arrangement according to claim 1, 
characterised in that in the initial state the free 
end surfaces of the rubber bushing (46) each 
form the shell surface of an imaginary truncated 10 
straight circular cone. 

3. Articulation arrangement according to claim 1 or 
2, characterised in that the radially dilated fas- 
tening portion (54) of the journal (48) is rotation- 15 
ally symmetrical with respect to the central axis 

of the journal and is entirely convex, and that in 
the initial state the free end surfaces of the rub- 
ber bushing (46) are so directed inwards towards 
the surface of this convex journal portion (54) 20 
that the angle between the free surface and the 
journal portion surface is substantially a right- 
angle as seen in axial longitudinal section 
through the journal and the rubber bushing. 



4. Articulation arrangement according to any one of 
the foregoing claims, characterised in that the 
sleeve (44) consists of a cold-drawn seamless 
standard tube made of a material with a yield 
point of at least 380 MPa, e.g. cold-worked steel, 30 
which tube preferably has a wall thickness of ap- 
proximately 1.5 mm. 



curved circular surface cross-section. 
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